A total of 41 Mycobacterium tuberculosis strains from patients of Vietnamese origin were analyzed by Southern blot hybridization with two different probes, IS6110 (Otal, I., et al.,
A total of 41 [942] [943] [944] [945] [946] 1992 ). The restriction fragment patterns of nine of these strains were virtually identical when the pTBN12 probe was used; five strains had a single copy of IS6110, and four strains failed to hybridize with the IS6110 probe. This relatively high frequency of strains with no or one copy of IS6110 suggests that the usefulness of IS6110 for epidemiological study may be limited in certain populations.
Despite the decline in the incidence of tuberculosis in highly industrialized nations over the past 50 years, the disease remains a major health problem in the world today. In Australia alone, approximately 600 new cases are still diagnosed annually (2) .
As part of efforts to further reduce the incidence of tuberculosis, epidemiological investigations play an important role in the monitoring of control for this disease. The availability of a rapid, simple, and discriminatory typing method for Mycobacterium tuberculosis can be of great benefit to such investigations. Studies have shown that restriction fragment length polymorphism analysis of M. tuberculosis can detect genotypic variations between strains by using repetitive DNA sequences as probes in Southern hybridization analyses (7, 10, 14) .
A DNA fragment containing a repetitive DNA sequence has been cloned in plasmid pTBN12 from M. tuberculosis (10) . This repeated sequence is highly repetitive in nature, and it has been estimated that at least 30 copies are present in the genome. They are not confined to the M. tuberculosis complex but are present in a number of other mycobacterial species (10) . By using pTBN12 as a probe, strains from within known clusters of infection demonstrate identical banding patterns whilst nonrelated strains are different.
Two insertion-sequence elements related to the enterobacterial IS3 family, IS6110 and IS986, have also been molecularly cloned from the genome of M. tuberculosis (7, 10, 12, 14) . Sequence comparisons have shown that IS6110 and IS986 differ from each other by only three nucleotides (7, 10, 14) . Although they are probably mobile genetic elements with the potential to translocate within the chromosome, they are stable enough to provide identical restriction fragments for mycobacterial strains from within small clusters of infection (6, 7, 14) . Previous studies have reported that all M. tuberculosis strains have at least one copy and usually 6 to 15 copies of IS6110 present in their genome (7, 14) .
Recently tuberculosis by standard procedures in the various reference laboratories on the basis of positive nitrate reduction, niacin production, pyrazinamidase production, and/or resistance to 5 jig of thiophene-2-carboxylic acid hydrazide per ml. There were no known epidemiological relationships between these patients except for a father and daughter. Of the 79 isolates, 41 were from patients with Vietnamese origin, and as controls, 38 isolates were randomly selected from patients not of Vietnamese origin. These control strains were isolated in Victoria, Queensland, and Western Australia. All M. tuberculosis isolates received from interstate were retested in our laboratory and confirmed as M. tuberculosis.
Mycobacterial strains were grown and DNA was extracted as previously described (10) . The concentration of DNA was estimated by agarose gel electrophoresis stained with ethidium bromide before restriction endonuclease digestion and Southern blot hybridization as described previously (10) . RNA and DNA probes used were digoxigenin labelled with a nonradioactive digoxigenin nucleic acid labelling and detection system supplied by Boehringer GmbH (Mannheim, Germany). Chromosomal DNA digested with AluI was hybridized with an RNA probe prepared from plasmid pTBN12 (10) . DNA digested with PvuII was hybridized with a DNA probe prepared from a 123-bp polymerase chain reaction (PCR) product of the IS6110 element (10) .
Slot blot analyses were performed as previously described (9) . The same amount of DNA for each sample was applied to duplicate nylon filters in the respective slots, baked at 120°C, and hybridized with either a digoxigenin labelled 65-kDa antigen gene probe (13) The analysis of nine M. tuberculosis isolates from patients of Vietnamese origin by Southern blot hybridization with the probe pTBN12 is shown in Fig. 1 
27294) in lane 1 is clearly different from the patient isolates.
The similarity between these patient strains suggests an epidemiological relationship.
To verify their relatedness, these same nine isolates were digested with PvuII and hybridized with the IS6110 probe (Fig. 2) . Since the 123-bp PCR product of the IS6110 element used in this DNA probe lacks an internal PvuII site, each hybridization band represents one copy of IS6110. The H37Rv strain (lane 1) produced multiple copies of IS6110. In contrast, no bands were visible in four of the Vietnamese isolates (lanes 2 to 5), and the remaining five isolates (lanes 6 to 10) demonstrated one band, implying that these strains have one copy of IS6110. Of the isolates with a single copy of IS6110, four produced a 1.3-kb fragment (lanes 5, 6, 7, and 9) and one produced a 6.0-kb fragment (lane 8). The isolate with the different size fragment is the same strain with a band difference with the pTBN12 probe (Fig. 1, lane 8) .
To confirm the Southern blot result, slot blot analysis was performed with DNA probes directed against the mycobacterial common 65-kDa antigen gene and IS6110 (Fig. 3) . All mycobacterial strains studied were positive with the 65-kDa antigen probe (Fig. 3A) , indicating that sufficient DNA was applied to the membrane to yield a positive result. The four isolates which appeared to lack IS6110 by Southern blot hybridization also failed to hybridize to IS6110 by slot blot hybridization (Fig. 3B) . Samples with a single copy and multiple copies were positive with this probe, while species outside the M. tuberculosis complex were all negative.
PCR was performed as a final analysis on the four isolates which lack IS6110 (Fig. 4 ). The four isolates tested failed to produce a 123-bp fragment (lanes 3 and 4) . Two of these isolates produced a 280-bp fragment (lanes 5 and 6) which was sequenced to confirm that it was not related to IS6110 (results not shown). of 12 isolates from a known cluster of infection (3, 8) . For this the number of reason, our laboratory employs the probe pTBN12 for the Vietnamese primary screening of isolates for epidemiologic relatedness and the IS6110 probe for confirmation and/or subtyping of strains. Our results also have implications for the application of PCR in laboratory diagnosis. PCR has the potential to provide a more rapid, sensitive, and specific diagnostic assay for M. tuberculosis in clinical specimens (1, 4) . This study demonstrates that not all M. tuberculosis strains can be detected with primers directed towards IS6110. This can lead to false-negative results which, according to our data, would occur more frequently in the group of Vietnamese patients reported in this study. Potentially this would present problems in the application of PCR diagnosis and Southern blot hybridization for epidemiology in areas where such strains have a high prevalence. VOL. 31, 1993 
